A t the previous Symposium on Frequency Standards and Hetrology i n Copper Nountain we reported the principle of construction of the modern o p t i c a l frequency standard t h a t uses supernarrow resonances a s an o p t i c a l discriminator. Fig. 1 shows t h e schematic of t h i s standard. It c o n s i s t s of a frequency s t a b l e l a s e r 1 with a narrow l i n e , a tunable l a s e r 2, a system f o r obtaining narrow resonances and a feedback system. The narrow l i n e of the tunable l a s e r 2 i s prodded by phase locking i t s frequency t o t h a t of the s t a b l e l a s e r 1. In this case t h e short-term frequency s t a b i l i t y of l a s e r 2 i s the same a s t h a t of l a s e r 1. The frequency of l a s e r 2 i s tuned by varying the frequency of a radio-frequency o s c i l l a t o r , The radiation from t h e l a s e r 2 i s used t o obtain narrow reeonsnces. The smooth tuning of the frequency of t h e l a s e r 2 t o t h e resonance maximum and its keeping a r e performed with the a i d of an electron system of automatic frequency control. An important advantage of t h i s scheme i s the p o s s i b i l i t y t o simultaneously obtain high values of shortand long-tem frequency s t a b i l i t y and reproducibility.
Two most important elements of the described standard may be distinguished, These a r e the l a s e r with a narrow r a d i a t i o n l i n e and the system f o r obtaining supernarrow r2sonances. Investigations and use of supernarrow resonances of 10-10' Hz require l a s e r s with a linewidth of about 1 Hz. The production of such l a s e r s i s of great independent i n t e r e s t . This pager w i l l therefore present the l a t e s t r e s u l t s obtained with a He-IPe/CH4 3.39 p l a s e r whose frequency i s s t a b i l i z e d t o an intense resonance in methane on the pi2) l i n e with a width of about 50 kHz. The scheme f o s s t a b i l i z i n g the l a s e r frequency w a s described i n d e t a i l i n / 6 / . However i n t h i s case a highly s t a b l e telescopic l a s e r with a beam diameter =: 20 cm i s an unwieldy system. The obtaining of resonances of 5-10 kHz Mde i s of great i n t e r e s t i n the production of simpler He-I'?e l a s e r s with the same high frequency reproducibility t h a t may be used i n solving various p r a c t i c a l problems.
In this case a single f r e e of hyperfine s t r u c t u r e E-line of the P(7) t r a n s i t i o n of the \) . , band i n methane may be very convenient Figure 5 shows the typical record of a narrow resonance i n methane on the E-line at a pressure of 100 yTorr. The resonance halfwidth i s = 5 kHz, i n t e n s i t y about 30 pW. Such resonances were used a s a reference point f o r frequency stabilization. Figure 6 shows the scheme of setup f o r s t a b i l i z i n g the frequency of a He-Ne l a s e r with a three-mirror telescopic beam expander t o the resonance i n methane on t h e E-line of 5 kHz width. The short-term frequency s t a b i l i t y of the telescopic l a s e r was provided by means of frequency-phase o f f a e t lock of i t s frequency t o t h a t of the s t a b l e l a s e r 1 with a linewidth l e s s than 10 He. The frequency of the l a s e r with the TBE w a s tuned t o the maximum supernarrow resonance over zero of the signal of the f i r s t harmonic i n the power of the system of automatic frequency control. Frequency modulation of the l a s e r 3 was made by tuning the frequency of a radio-frequency o s c i l l a t o r with a signal of an audio-frequency o s c i l l a t o r . The modulation frequency was 130 Hz, frequency deviation amplitude 2 kHz. With the frequency deviation from the resonance center an e r r o r signal wae fed from the output of the system f o r s t a b i l i z a t i o n t o the radio--frequency o s c i l l a t o r . This signal tuned the frequency of the radio-frequency o s c i l l a t o r (and consequently, the frequency of l a s e r 3) so t h a t the generation frequency coincided with the resonance maximum.
A usable s t a b l e l a s e r was a He-Me l a s e r whose frequency was s t a b i l i z e d t o an intense resonance i n methane on the E-line of about 100 kHz wide. The cavity length of the l a s e r was 200 cm, absorption c e l l 150 cm. The l a s e r linewidth w a s l e s s than 70 HZ.
!Phe coincidence of an amplification line with the E-component of an absorption line in the used lasers was made by using a transverse magnetic field. In order to exclude an unwanted &+ component we placed additional absorption cells filled with CH3Br /lo/ at a pressure of 4 Torr inside the laser cavities. A gas in discharge tubes was excited with a transverse high-frequency discharge at the frequency of 1 0 0 MHz. With the averaging time of 1 0 s a relative frequency stability of the telescopic laser was 6 10 5. m e linewidth of the telescopic laser was about 10 Hz. In order to investigate frequency reproducibility we performed measurements of shifts of a nonlinear resonance in methane on the E-line on pressure of an absorbing gas and field intensity in the cavity.
The first experiments on observation of a nonlinear dependence of resonance shift in methane on pressure were performed by us on (2) the F2 line in 1972 /12/. Very convenient for studying particle collisions is the E-line of methane free of hyperfine splitting. We have performed measurements of shifts of the frequency of a telescopic laser stabilized to a supernarrow resonance in methane against field intensity in the cavity. In the pressure range from 50 to 100pTorr with variation of the field density in the cavity Owing t o production of highly s t a b l e l a s e r s t h e problem of c r e a t i o n of an o p t i c a l time standard has been r e c e n t l y solved /17/. This system provides a comparison of t h e time unit, a second, with an o p t i c a l o s c i l l a t i o n period at 3.39 p and allows measurements of I n conclusion t h e authors would l i k e t o thank D r s . V.G.Goldort and A. E. Om f o r development and production of e l e c t r o n systems f o r high-frequency e x c i t a t i o n of a discharge and f o r frequency s t a b i li z a t i o n of J a s e r s a s well a s f o r help i n making experiments.
